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A. Program Objective'g‘(

the Tuman factors element of the 1magery exploitation process so
that such knowledge can be utilized to increase the effectiveness

, \yath
of the process; determine the intelligence valuc of\ithe conventional

L:%e)
and unconventional |:'1nagery . 25X1

Discussion: The process of imagery exploitation is bound at one
extreme by the needs of the analyst in the intelligence community

and at the other extreme by the design characteristics of the
* 'h &?/
“collection system. An integral part of\h R neeclfis an appreciation
- The vevious T/l}'ts o)
for the intelligence valud o"f"‘mmlwlﬁﬁm@gery. Within the

5}(1»1\’?1((1.45/
process itself \a pliweblel factors are the quality and character of

the film or imagery medium, the equipment, procedures, and techniques
used in the exploitation process, and the éharacteristics, attitudes,

and skills of the imagery analyst.

This program addresses both the intelligence value of imagery and

the human factors relating to it. In the latter case, it is designed
to determine those human characteristics, inherent and acquired,

which influence the imagery exploitation process and to apply this
knowledge in understanding and improving the process; to develop
criteria to improve the selection and training of imagery analysts

and others involved in the exploitation process; to identify those
areas where modifications to equipment, facilities, or the environ~
ment will improve the efficiency or effectiveness of human performance;

to insure, based upon human factors principles, that the design and use of
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exploitation equipment is compatible with and takes maximum advantage
of human traits, habits, and characteristics; and to definec the human

aspects involved in the assessment of image quality.

v'l ~ In the case of intelligence value, this program is directed Lz

toward the accumdiation of data that will allow an objective determinatio
of what information, additional to that provided by conventional black and
white photogréphy, is provided by unconventional collection systems and,
subsequently, an evaluation by the analytical community of the intelligence
value of that additive information.

B,  Program Progress

1. Human Factors

p/éfﬂ Comparative tests to measure the perEOIﬁance of imagery analysts
and photogrametrists on selected mensuration tasks were

designed and administered; the results 6f these tests have
served as a basis for decision in the areas of equipment
purchase and procedural changes.

b/b' Through a controlled test of mensuration performance, a
statistically sound approach to mensuration accuracy state-
ments was developed; this approach has increased the level
of confidence of Center dimensional error statements,

v/é. A comparison of achievements and skills was made between
on-the~job experience and the 12-week training program for new
imagery analysts, the Defense Sensor Interpretation and Application
Training Program; the findings resulted in a dedsion to schedule
all new imagery analysts for this training program,

(? d. A preliminary validation of an Agency-administered imagery

interpretation test battery for use in evaluating appli-

-
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cants was undertaken, and development of an Imagery Analyst
Target Knowledge Inventory was initiated. This inventory

/,

will serve’as the basis for development of an in-house

training course supplemental to the Defense Training Program.

{)e. Utilizing a five-year projection approach, the functions
of the imagery analyst and collateral support officer
were analyzed to determine possible areas of applicability

for automation of manusl operations.
Lo &

O:E. . In the future, photographic imagery may well be supplemented
for analysis purposes by line-scan imagery (cathode ray
tube). An elementary study was undertaken to determine
the level of resolution of line scan imagery, as compared
with photographic imagery, deemed necessary for exploitation

b
«xé/;he imagery analyst

() g. A review of articles pertaihing to imagery exploitation
research was conducted, and those relevant to Center operations
were abstracted. Contacts were established with industrial

. and governmental research and development facilities for the
purpose of obtaining, on & continuing basis, human factors
information pertinent to exploitation equipment design. The
PI Equipment Human Engineering Deéign Guide, a summary of
physiological and enginecring information applicable €8 the
design of imagery ekploité%%g; hardwgre, was updated by
inclusion of specifiesections pertaining to acoustics and

comparators.

.
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0 h. Recent studies have indicated that the convergence angle
of microstereo/scope eyepieces might influence visual
‘ to detevmipe )
performance; preliminary research was undertakemiem the
effect of the convergence angle of optical instruments

on imagery analysis.

2. Intelligence ifalue Mﬁ‘ﬂ

&. Two pilot studies, undertaken to determine the level of
#TZER resolution necessary for satisfactory exploitation of
Vs
Ima,t}@.y to meet existing intelligence requirements, were completed;

a third such study is now in process.

b. A project has been initiated to obtain|:| at 25X1
_ AN )
different resolutio‘ﬁ;r”l with the necessary ground 25X1

truth information. This effort will provide an opportunity

to correlate ground truth with the imagery obtained; it

alsc will provide the data necessary to conclude what additive
e

or compl.,i';lentary information is provided by an |:| 25X1

compared to black and white imagery.
C. Program Plans &2~

1. Human Facfoz_‘_g ‘,.n»@

a. Alternatives .

(1) Accelerate the program by applying more funds and
reducing the performance time freme. This is not

i : of 1
bractical to any great extent since mu%@}'work is

sequential, in -rallve.,

A

Approved For Release 2005/11/21 : CIA-RDP78B05171A000500010007-7



Approved For Release 2005/11/21 : CIA-RDP78B05171A000500010007-7

i

(2) stretch out the program 'by extending the time
frame and fhus" reduce annual expenditures. This
would negate the benefits of the program since much
; ‘ : of its thrust is designed for application against systems
being considered and equipment being develo?ed for
use within the time frame of this program.
(3) Reduce the scope of the program and thereby re-
’duce the expefiditure of funds. This‘ is a possibility,
but ¢FTsewcd this alternative would reduce program
effectivencss since the various areas are interrelated
and the optimum advantage is achieved when all areas
are pursued simultaneously.
(%) Continue at the present rate. The present

schedule is designed to feed in data in time %o be

25X1

applied to oncoming programs 1

25)(1_§j : . |:] to provide a besis for the development of
\exploding
equipment to be used in“enpdedbeikd these new systems,

and to enable the egtablishment of techniques and
procedures which will permit the Center to cope with

the significant increase in input attendant to the

a

b. Approaches Sélected

The alternatives of continuing this program at its
W &S
present rate\istelected as being the most desirable.

The program will be accomplished W Lo mberen e s al

through the medium of one pwajor contractor, a number
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of minor contractors with specific areas of specializatia
sup’plemental\in—house efforts, and support from the CIA
. : ————
Medical Staff. A significant portion of the in-house ef-
fort will be accomplished through the Technology Integration
Check~Out Facilit TICOF) used for gatheri imagery analyst
v ( ) g, ng-imagery analy

performance data under controlled conditions. (ICOF itself

25X1 / ’ was an earlier accomplishment under this program)l The
()4 ) PN
Pp, N 6-” apalysis of inherent or acquired human characteristics i~
T
0%’0/0 ‘ volved in the imagery exploitation procegs will continue;

specific characteristics which affect or are affected by

new system« (I | advanced 25X1

- hardware, or changed procedures will be investigated.

K;/

1. Based on theex research findings, determimmtion will be

\gatﬂb’h i %)
made as how to best apply the results, such ag~ec? .u_ﬁgw’

N q)e/\“sﬁl'n’\(‘ }J
new recruitment standards, rejylnlng or reorleni:'"’clon """

\ \reo{essqnm q
modification of procedures, or -wkbewringubhe: nitaBignmof

equipment. Efforts will continue in investigation of

potential applications of sutomation to the imagery ex-

"ploitation process, specifically with respect to graphics

. ¥,
display (FY 70/71), L:Lgle_ﬁgai.s/xéie_mq (FY 70-76), qollateral .
materisl presenttion (FY 70~76)} and text editing (FY TO-76).

Identification of the human factors which‘affect the ggsesg-

ment of image quality and dictate the level of quality

needed for exploltatJ.on will be com,lr};,d (S‘tate of-the- ax*t

knowledge of human factors research will bc maintained;

the Human BEngineering Design Guide will be updated as required.
— —————

~
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2, Intelligence Value

a. Alternabives

(1) Rely upon extrapolations of availsble and uncali-
brated imagery ebtained fr'om conventional and uncon-
ventional collection systems “Gmexf the purposes of in-
telligence assessment.

(2) oObtain simulated and operational imégery relating
"to these sysbems with tue necessary ancillary information
to ailOw more effedtive intelligence assessment.

. b. Approaches Selected

The second alternative was selected beremeaalndie

zfa:vﬁzmt\.m,cu In this time perlod invesgtigations

)

uu(ymc Ve ieu.ad S,e/QuJa L lwm: t b/(“ms
will continue dmrbmehs preundeorder=o Ll nnd
ond !“on)ery Lo&q:ibum s,

) mﬂ?t&ﬁhgeﬁ:ﬁamsse*ssmm drea&. wEbeisswedsesexpeched

o8 2e RSN S R Wl RVAC 8 Wi 53N N A Vo A 6 R < o O P W 7 50 A S ¥ 4 (29

25X 1 mor;;mdmadar;:mzeasxra&::ﬂa&me&:neQ;qaﬁ.amﬁm EX1

D. Resources

Y
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L¥EL, Overhead Photography/ Image Analysis and Maniuplation

Pyogvan
_1L\T7v0bjectivo rretosay—"

Develop a Center capability to define, evaluate, and manipulate

the physical properties of the oubtput of conventional and
{move fully the in-fo

unconventional imagery systems to realiwze

ezl potential
of imagery.

Discussion: I;o'tentially valuable information recorded on
imagery is often at the limit of the response of the collection
system. Defining and understanding the physical properties of
imagery 'provides keys to the development of equipment and processes
for makiﬁg .this information more reédily availeble to the imagery
analyst.

1. Image Analysis Objective (FY T0-76)

Improve conventional image quality measurement and
determine the realtionship and degree of correlation
between objective and subjective imagery evaluation ciiteris.
Discussioq: At the present time, evaluations of the
quality of imagery are hased predominately on subJjective
Judgments; frequently these judements are inconsistent
with evaluations based on objective‘analyses;“ This
Photo-optical image evaluatbion effort is directed toward
resolving this inconsistency by providing an objective
assessment of Image quality that is reconcilable with
subjective judgment. While this problem has beeh addressed
in the past, it has not been solved; the importance of
continuing to seek a solution lies in the value of answers
explodetion,
to gquestions concePhingjiequipment and collection system

design. Satisfactory design in both these areas requires

wom
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an objective, quantifiable statement of image quality.

C) .
2. Image Manipulation Objective (FY ZQ‘-'M)

Achieve an operational image manipulation system with the
capacity to compensate for image-degrading factors which
occur during acquisition and/or processing of conventional
imagery. .

Discussion: Atmospheric haze, low sun angle, defocus,
image smear, etc., are factors that can degrade imagery.
Image manipulation is directed toward »compensa;ting for
these image-degrading factors in order .yto ma{@'fi%agery
more readily and completely interpretable.

3. Unconventional Imaging Systems Objective (FYZ%—M)

Determine the fundamental parameters, techniques, and

equipments necessary to [fully{exploit/the information

~potential of unconventional imaging systems.

Discussion: Anticipating an increase in unconventional

-4

imagery | it is necessary 25X1

that research to ensure full exploitation of the products
~of thgsf%grstems be .undertaken. The objective is directed,
therefore, toward establishing the capability to extract
as much information gf‘ real intelligence value as possible

from these new sys‘tems.
B. Program Progress
1. Image Analysis :
Three contracts were concluded during the period. The
first defined the present state-of-the art in photo-optical

image evaluation; it recommended a general approach to find-
ing a solution to the problem of relating subjective quality
estimates to objective measurements. The second contract was
an initial effort directed toward applying the theory developed
a?establishing basic conditions for evaluating optical

s vragn,

Loviacd )

-
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cdmponents. The third contract attempted to establish
reqﬁirements for microdensitometric analysis of color and
black and white photographic imagery for use in objective
assessment of quality.

2. Image Manipulation

The capabilities of digital, optical, and photographic
manipulation systems are being explored by the Center

with contractor support. ?reliminary results‘of experiments
designed to extract additional intelligence of value from degraded
imagery through a digital process are favorable. The
evaluation of results in each system will determine the
maximum payoff %o be gainéd by (1) the application of one
of the above systems, (2) establishing a capability in
each system to be applied selectively againét specific
conditions, and (3) development of a hybrid system to
incorporate the relative advantages of more then one

system, Time-phased plans are under development for
evolution from experimental to operational status. As

part of the manipulation effort, imagery enhancenkﬁt
techniques for impro&ing degraded portions bf film are

Lho )

being explored and developed fa?]aigital and electronic
modes.

3. Unconventional Imaging Systems

A literature search has been initiated and state-of-the-art
capabilities are being investigated. Some limited feasibility

experiments have been performed with existing equipment,
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utilizing enaleg{ digital, and photographic processes.
Development of the overall program is in the planning

stage.

C. Program Plans
1. Image Analysis

(a) A}Eﬁnati.ves
(1) Utilize and 1;efine, at a minimal level of effort,
the work on obj ective measurement accomplished to date
and concentrate upon subjective cvaluation of imagery
in an attempt to define and correlate objective and
subjective criteria for image evaluation.
(2) Concentrate heavily on what could be termed the
theoretical aspects of subjective and objective image
evaluation before proceeding toward definition and
correlation -of objective and subjective evaluation
criteria,
(3) Develop new objective evaluation techniques
where beneficial, based upon the work previously
accomplished, and direct additional effort toward
determination of the significént subjective factors

' in image cvaluation; define and correlate subjective
and objective criteria for image evaluation.

(b) Approaches Selected

The first alternative is a high-risk option with
relatively low expected value; that is, even if
accomplished successfully, at best the objective would

be met only minimally. The second alternative would

-
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afford a firm scientific foundation against which

to proceed; however, performance time and costs would
be increased beyond What is considered desirable or
necessary to achieve the objective. In effect, the
second alternative would result in project performance
being extended over a longer period of time without
elimination of any of the essential subsequent steps.
The third alternative has been selected because it
embodies the best trade-off between risk, cost, and
pay-off. Significant milestones in reaching the
objective under this alternative are: FY-72, complete
the study of objective evaluation techniques; FY-73,
identify and codify the significant objective measures;
FY-74, complete the study of subjéctive evaluation
measures; FY-75, determine the correlation procedures
for objective and subjective evaluation; FY-76,
operationally implement the evaluation techniques.

2. TImage Manipulation

(a) Alternatives § Approaches Selected
* Although signifi;ant work has been accomplished
toward this objective, the project is still in a
preliminary phase with respect to future direction;
that is, the feasible alternatives in accomplishment
of the objective cannot yet be specified. However,
because of théunature of this project, it is clear

that certain work can and nust be done in-house,
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while other work will have to be done under contract;
therefore, the approach will be to do in-house what

. is desirable and feasible and contract for the
remainder. Significant milestones toward accomplishment
of the objective are: FY-70, establish in-house
experimental capabilifies in digital, optical, and
photographic image manipulation; FY-72, determine and
evaluafe the operafional applications for digital,
optical, electronic, and photographic manipulation
techniques; FY-73, specify operational equipment
requirements; FY-74, devglop prototype equipment;
FY-75, test and evaluation of prototype equipment;
FY-76, implement the system for operational use.

3. Unconventional Imaging Systems

(a) Alternatives and Approaches Selected

The status of this effort is roughly equivalent to
that of image manipulation and the overall approach
will be approximately the same. Significant
milestones, identifiable at this tihe, toward
accomplishment of the objective are: FY-71, perform
a needs analysis, establish prioritics, and define

. . 25X1
the program; FY-72, begin program execution.
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A. Program Objectivegj

E _Brovuie the instrumentation
time el e
necessary to accomplﬁh; agery exploitation iifiiizauiss Grmd ot

the performance level required.

Discussion: The development of image interpretation equipment
rests upon two requirements,*iiiiiék he need to make information
available to the imagery analyst which could not be perceived

- without the assistance of such equipment aansecondly, the need
to improve the efficiency of the imagery analyst. Exaﬁples of >
equipment development resulting from the first requirement are

; tube magnifiers, stereomicroscopes and light tables; examples
of development stemming from the second requirement are special
manual and/or motorized Ffilm drive devices, advanced stereo

§ : rhomboid arms, and comparators. These requirements are dynamic

in nature and,as a result, underscore the need for a continuing

program in the field of equipment development.
v . T " /"""MN‘MW\‘

25X1
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SP@.&L!A&;:?J equipment required for exploitation of planne

3.

L.

: 25X1

New Acquisition Systems Objective (FY!’?IL\/?@/O?rovid;\ he

iy o "(_'_}(_;.«
S\t

imagery systemsd F&r"c{he' appropriatezs; 1
. ¢
"<‘9 >

- M N SRV 14
. ra
time frames - o o™
. —-»‘f""/

Discussion: New acquisition systems will become operational

during this planning period. As these systems approsach
operational status, the Center must be prepared to exploit the

system products.

o
Operational Improvement Objective (FY*«:%‘?)ff?é)‘/&Develop equip-

ment and modifications that will increase the efficiency of

the imagery analyst.

Discussion: Advances in methodology and improved exploitation

concepts originatiﬁg with imagery analysts provide requirements

for equipment modification and development.

Automatic Target Recognition Objective (Ef\'

C:/;/6) /ﬁt omate

those aspects of imagery exploitation which are most tedious,

repetitive, and time~consuming for the human.

EY 69-7 *
%é%l%o Objective é_-’evelop a fully automatic Target
=

Indexing Device (TID) for use in indexing imagery products

. e
of hlgh‘;:volumc; acquisition systems :l mgmalntaln a 25X1
sustaining research effort on related Automatic Target

Recognition (ATR) techniques.
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Discussion: Automation of those tasks that are tedious,
repetitive, and time-consuming will expedite the exploitation

process and permit better utilization of human resources.

Y. 772 f/
1%"17—4?2.. Objective ﬁ_}evelop an automated capability for

-

., '/
identification of man-made objects ﬁiﬁ!} appea‘;}fégn imagery;
bS] i}lvestigate the feasibility of applying ATR techniques

to real time systems.

Discussion: The capability to machine-scan imagery covering
large areas of relatively low activity and indicate only

those portions éontaining man-made objects will reduce

time spent in search operations. With realztime systens,

the application of ATR techniques to electronic signals may
solve such problems as cloud screening and target identification,
’chere'k;y greatly redﬁcing data handling and exploitation time.

FY 137 -
SEEEILTE  Objective Develop the capability to automatically

& pare”
re-~gcan for specific types of targets; —g_,‘:;gdevelop machine

techniques to detect target changes.

i)_iscussion: Requirements to determine a negstion date of a
target and the sequential chaﬁges over time necessitate
re~gcanning of numerous past missions. The development of

a capability to automatically determine evolutionary changes

in targets would significantly reduce the time necessaxry to

meet these requirements.
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F\/ 75' //
d. ~E#TSy  Objective Utilizing technology resulting from

earlier objectives, develop an instrument for automatic

detection, identification, and counting.

Discussion: The obvious culmination of research and development
under the ATR objective is the 'development of a complete
system that automates the repetitive a.nd.‘time-conswning tasks

of the exploitation process.

/0/
B. Program Progress

1. 1540 Light 'I‘able/ﬁ' light tdble specifically designed and

developed for explmta’clon of imagery will be in produc- 25X1

tion in FY-70..

2. Advanced Stereo Rhomboids %is attachment for the standard
o s
stereomlcroscope requlred for v1ew1ng|:|1magery in stereo 25X1

is under development.
3. Digitized Measuring Light Table/T/his special light table

i R N . .w---«—-"/

incorporating an automatic digitizing system was developed to

facilitate target location and mensuration. p

/

b, Twin Stage On~Line PI Comparator/;f‘is instrument was developed

,

to prov:Lde an automated mensurat_Lon capability of medium range

accuracy for use by personnel other than photogrammetrists.

5. Automated Stereogranner/{; equipment, still under development,

is\d(;lqn, ;_,.Jp

e
of roll film., It will be used %%

ermit automatically correlated. stercoscanning
a3

7 to evaluate the opera-- ..

tional feasibility and value of scanning in stereo.
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6. Automated Target Indexing Dev'}f{i sThe prototype of this
c?é\;ice, scheduled for delivery in the latter part of FY 1970,
will provide a capability to automatically determine cloud
coverage on imagery at the rate of 100 feet per minute,
C. Program Plans
1. Alternatives There is no viable alternative to the development
of equipment necessary to exploit the products of current and
future acquisition systems, It is possible, of course, to
extend the effort over a longer development period with resultant
lower yearly costs; however, total program costs will be at least
hd the samz or possibly greater, Additionally, the cost savings
that would accrue, assuming an early development of the equip-

ment, are foregone, and the technical risk factor will tend to 25X 1

I J/n/wmt;ﬁ: 2, increase.

e e
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;;fiﬁwiipf 2, ) Approaches Selected

In the absence of any realistic alternative, the Center will
continue to program for equipment development utilizing
! contractors to mect established exploitation needs.
Significant milestones for the program are: [FY 70, develop
25)(f the TID; FY 71, [:::]interpretation equipment available for
| use and Image Comparison Stereoviewer developed; FY 72,
Automated Stereo Scamner available for evaluation program,
Wide-field Stereovicwer and basié color interpretation equipment

developed, and automated capability to identify man-made objects

25X1

S
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»
~,;/erhead Photography/{]]est and Evaluation

<

A, Program Objective tﬁ“ff’f‘f} o fﬁ-}«-&“‘*’“

Develop techniques and equipment required to evaluate eqt;ip-
ment ‘performance.

Discusgigﬁ: Exploitation equipment developed for the Cenber

is unique and increasingly complex; the techniques, standards,
and instrumentation, however, necessary for evaluation of the
performance of the equipment oftben do’:ﬁfexis‘t. Due to the
unigueness of the equipment, industry often finds the develop-
ment of performance evaluation instruments for use against this

equipment to be unprofitable.
UL " -

o e

’V
":";b To avoid total reliance upon contractor assurance that specifi-

cations have been met, it is necessary that the Cenber initiate
a program, to include techniques and equipment, for such perfor-
mance evaluation.

B. Program Progress

The T&E program is in an early stage of formal dévelopment H
there have been, how.ever, several accomplishments:

1. Equipment Performance

Detailed plans for the evaluation of two highly sophis-
ticated pieces of equipment, the High Precision Stereo

Comparator and the Automated Steregjé]aanner were

deVeloped." The comprehensive testing program designed
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for these two unique items includes development of
simulated imagery having the characteristics of
25X1° l:lproducts, development of a special calibration
‘device , and development of performance evaluation
standards.
2. Dry Silver
Special consultation arrangements have been made with
the National Bureau of Standards to develop sensitometric
and resolution test equipment for the "dry silver' photo
‘ vnder d@velspw&«%
- reproduction ma‘berials\beingwd@an@l@ﬁe&rfafb&"'@b sf As a part
of this project a special sensitometric processor is being
developed in the FY~TO program.

3. Resolution Test Target

The best current method of evaluating the resolution per-

\EO }\‘We'

formance of optical components and systems 1s™hy”a quali-

.
fie Oj%echnologist readi,:gaaw}esolution test target dis-
played through the optics. This evaluation approach is
quite subjective. A special target is being developed

! for use in allowlng objective measurement of the perfor-
A mance of optical, components as it rélahes to resolution.

C. Program Plgg_g
1. Alternatives

i Two alternatives were considered for this program, namely;

(a) Pursue the objective through in-house efforts

exclusively, and
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(b)

Utilize in-house assets and capabilities, supple-

mented by conbractual support.

2. Selected Approach

cod

In view of the«fmlszmmyd limitabions on the number of

in-house personnel who can be assigned to the test and

evaluation task » a supplementary contractual support

i program for the development of the highly specialized

equipment and techniques needed for test and evaluation

P

has been established.

,(Z__/"

> Milestonesacfabhenfrsmrom will be established in terms

of timely provision of the required equipment and

techniques; results will be in terms of objectively

SABhrunae
\@eaf;kmfwr evaluations. Some of the more significant

areas for attention are:

| @)

®)

(e)
hud (a)
(e)
' ()
| )

FYZ'.T’OVTE. Dry silver photo rﬁaterials.
FYJT/l High Precision Stereo Comparator.
FY—-% T2. Automated Stereoscanner.

FYZ%.. Target Indexing Device.

Y471, Tmage Comparison Microsteréic;scope.
FYa—TE.‘ Ultra Violet Rear Projegtion Systen.

FY'Z’E,, Wide-Field High-Power Stereomlcroscope.

i

25X1
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c.ég{‘:;,,,,, DRATFT
- M‘”‘

*. . OVERIEAD PHOTOGRAPIY/MENSURATION

Enhance the Center's overall capability to measure images and

A. Program Objective

to isolate and define mensuration errors in order to improve
mensuration techniques, photogrammetric megsuring equipment,
and mensuration accuracy statements contained in intelligence
reports.

Discussgion: Accurate measurements contribute significantly
to both the imggery exploitation process (e.g., basic idenfi-
fication of a target) and subsequent intelligence analysis
{e.g., production capacity of an installation, payload of a
missile, etc.) ‘

o=
1. Technological Base Objective (PY\Xﬁ%ﬁr6)

Perform basic and applied research to determine the rela-
tive and absolute values of the various factors in the
mensuration process.K\ :

ﬁiscussion: In order to improve the accurac& of mensura-
tion, the amodnt‘of error contributed to the process by
the individual factors of the system (i.e.; the source
material, the collection vehicle, the mensuration equip-

ment, and the operator) must first be determined.

2. Equipment for Photogrammetrist Objective (FY 76V76)

Develop both general purpose and ulbra-precise mensuration

oo miremn e

instruments for use by photogrammetrists.{-The‘ﬁﬂﬁﬁﬁ-em@h&g$&mfﬁ
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/‘1
Qigh radiehd i tiasnd acit-madrntadlnabhil it Farly.cfforts %
o) Gs g W s d

Widdmbawdineclhed-bovardwieveloping mediun8Celracimuiti Ry

-Me it G flldman-enisting- gap-bebweenthoetlbrawpreciae=.

A4 CONRELLAGCUTACYea sVTE NG Instrime it Suc urre b 13 ma v ad L b

Chohent lyud

weblesand-in-adapb i'ngﬂormpm sentednstrments towe

b AL EmeelOn. ANAEETY ..

Discussion: Knowledge gained from research under the first
project objective, more sophisticated mensuration require-
ments, increased imagery resolution, and new collection
systems all combine to dictabte a need for upgrading ére-
sent equipment and the development of new equipments for

| : the photogrammetrlst

Sk
3.. Bquipment for Imagery Analyst Obgect AFy Ti/?G)

Develop measuring instruments that are accurate, reliable,
and relatively maintenance free for use by the imagery
i analyst .
‘\Rl SCUS T . '
! avionale: Certain mensuration requirements can be satisfied
by the imagery analyst and need not require the time of -a
photogrammetrist or the utilization of highly sophisticated

equipments. With the anticipated increase in workload for

the imagery analyst, the trade-off here will be the rapidity
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of the response obtained versus the time and effort ap-
plied against the requirement. Such a situation points
up the need for %elatively simple, quick-response/ but

accurate instrumen‘gs./

Automation of Mensuration Objective (FY T1/76)

Tdentify potential applications of automation to the
mensuration process and implement the most promising
applications.

Discussion: There appear to be areas in the mensuration
process that offer opportunity for autc.)mvation, and even-
tually manpower savings. One such areca, "pointing"--

placing the reference point on the extremes of the image

to be measured -- is a tedious and time-consuming manual
operation., By-~ubiddsdng~oentad ﬂuil@a«turvef@—@ﬁw&-@ompamt@;fﬁﬁ:

withmasnioretensitoneborywib-appears-theoretically. nossible .. ¢

sbogenizantonatresthisparticutarfuiroti ot rObhopesud "!MQ\

Pk P ATCT-T B T P o - oo M Kol c PURNBI I o

"

B, Program Progress -

There has been considerable progress toward these objectives

to date. In 1971, under multiple year funding, a precision

i stereo comparator will be completed and delivered to the

Center. This instrument is intended for ultra-precise work
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by the photogrammetrists and incorporates many advanced

- fealbures such as .5 micron accuracy, automatic correlation
of thé stereo imagery and the capabllity to use roll film
on large foimat stageq} i.e., the original negative for

maximum fidelity.

Utilizing FY 68 funding, en on—iine comparator was produced
for use by the imagery analyst. This is a stereo instrument
for measuring stereo images on cut £ilm chips and is designed
for use in dgtailed interpretation. It can be used to measure
heights and\!ifl/;n—-line to the Center's centralized UNIVAC Lok
computer. It-is 8 medium=-precision instrument with accuracy

in the 2 micron region.

A digitized light teble for use by the imagery analyst has
been developed under FY 69 funding. This instrument, which
will undergo operational testing during the next few months,
is connected on-line to the Center's Lol éompute;»and will
permit immediate rquout of either ground dimensions or film
coordinates from roll film while the film is still on a

standard operational light table.

FY 69 and FY 70 funds were utilized to support certain criti-

o,
cal in-house studies of mensuration errors and how they\ﬁf%ect

o
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mensuration procedures and equipment. The information thus

gained will be ubtilized as a foundation for future studies
for the fubure development of advanced mensuration instrumen-
tation.

C. Program Plans

1. Technological Base

(a). Alternatives

- ' (1) The majority of the work on mensuration error
analysis could be done.in~house, utilizing operational
personnel when and 1f man-hours are available., Tais
approach has disadvantages because of its potential
drain on limited in-house assets and the extended
time frame for completion of the study.

1 ) (2) The major portion of mensuration error analysis

could be contracted out. The major disadvantage is

that specific tasks related to this analysis still

require major inputs of man-hours from operational

personnelui

(3) A hybrid approach under which certain key tasks,
ubilizing in-house assets supplemented by contractual
é support in the other areai’could be utilized. A
major disadvantage is that a rather significant

gmount of coordination between the in-house efforts

the the contractual efforts is required.
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The hybrid approach was selected in an attempt to

obtain the advantages while minimizing the disadvan- '

s
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’tagés of the other two alternatives.

Equipment for the Photogrammetrist

-y
F/&
no

C@,{}

Q

(a). Alternatives —
4 One }§ y
S \ave Aeuw
There\i&—ii&i’b‘ia&;e alternat iv% here, le~edbherv/Ccon-

_ va-a! Mi?y \“L.\;‘m dhey 13 to,
tinue as programmed Su-swrObjectivesy bt ACCEDt ™"

current -equipment as being adequate.

~
[

Cob
e
b

+

(
q’cé,év
ond ) g
To 4t
C«l:’-l-e.z e
o
e

%V

Y s
A
e
‘W.

S
3 (b). ApproacHelected L
;f <o celec the second &ﬁ@fumiu‘ﬂ’ beconnne
The Cenber must ontinue-to-develep-advanced " ‘(I:
' f ; CoMurls Lgauipmeni L pvods quuaie Wl reapocl
o measuring-equipnent,-concenbrating.on.high re=- . :
é wlune \re.tgmm«‘f% . Thae INALEY ) farans L f e evo
el '1%&1; Aity-and-=reasenablewcost.with.maxinum. operas.

ALy
IEN

LGk
A
The
NP2 O
M{Q
2}
\\

: 3
‘ Awelspmeil. ¢f sWe rreveuwnotsv o MP/mm::t"
, ' ~tionaleeefficlencg, , g oA o - -
! /L/,dm_m,m.,m.,m.maWw_ﬂ(,g;;,fumf _thae ¢l ot produchnv gl 7 e >

"

3. Equipment for tht Photointerpréter ™™ e

(a). Alternatives
(1) To have the photogrammetrists continue to make
all measurements.,

(2) To develop the necessary instruments for use

by the imagery analyst.

(v). Approacpggéelect ed

4

The second alternative is more realistic in view

of the requirecment and the efficiencies that it

will afford. E}W‘,Phw.; (,\MM (rL P/Qw & Lo
M,Q,ameﬁ&&.@lﬁw(;b) 5 (*A).&.,(/QQ) PAAPON A .
very To

',)l&"’"’\»”;(}“’;%'l"‘/"'\o"'\jv‘s (A A {L)[)J/\CZ: AL AL d
el Unee A qx,wm\f»{t .
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L, Automation of Mensuration

(a). Alternatives
(1) Continue to utilize present manual techniques.
(2) Atbempt to develop equipment and techniques to

implement a more automated approach to the problem.

(p). Approachéfselected
d
Alternative two was sclected because of expected
payoffs in the quality and speed of measuroments) oulm«g
5X1

with possible manpower savings. T‘W ,Q-;‘t’anw,(y&:..a )

i
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AR g ity
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A. Progrem Objective I

768Y} Develop an economical/higher—speed

reproduction capability for present and planned conventional

and unconventional | | 25X1

|:| imagery exploitation materials.

Discussion: The NfIC imagery exploitation process reguires an in-
house capability to rapidly reproduce multiple copies of selected
imagery. Predicted increases in both volume and types of imagery
will require additional manpower, equipmént , and floor space if
the present processing system is maintained. The development of
an improved processing and reproduction capability will reduce the

need for additional resources in this area during the period

Fy\éf% .

1. Conventional Imagery ObjectiveV(FY 70-7h) /;velop a high-

speed, compact system for reproducing black and white imagery
(film and paper) at a product quality level at least equal

to the present wet-process system.

-

Discussion: The research and development of a dry-processing
system has been undel(ﬂiﬁr since 1965. This type of system offers
several advantages over the present wet-processing systemgefa)y
equipment units required are approximately equal in number

\

to present units bul are significantly smaller in size,
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\Q;Ofesgmcf does noll )
thus effording savings in space; dry-heal provess:mgsm... e

Ve ’J}%V
\@i 11qu¢d chemicals in bulk, thus avoiding the in-

h/ \and affocding o)
C

herent hazards of hemJ_calq plusstherDossibility

'th

of additional space saw.ngs" Yhe! compact dry-process
equipment is less complicated to operate than the wet-
process equipment and provides a capability for the Center
to decentralize part éf its reproduction system, thus
effecting manpower savings in bo’t'h the photo lab and

imagery analyst areas.

- 2. Unconventional Tmagery Objective (FY F1-T76)

Develop a ca‘pa'bility to accommodate the Center's needs to

rapidly reproduce required quantities of high-quality

materials froml | 25X1

i
25X1

‘\J«g, pui of uw:or\vc‘n’tmvu«_ \maqew\/ Wu'(PHMIJ)
cussion oo

Dhehearsphy-daputsrTo the center will

increase. Rep‘r'oductlon of these materials ie slow and
aL of

far more complex t L71a standard black and white imagery®
- “)w»d.hngh ‘bhasmathodwrarerbashesyohe~sane, Dry-~processing

w1th its inherent advantages may eventually be app] icable (M
54

\ (XS poanC lM g

K : to unconventional imagery reproduction. However,ﬂrt is
’ &t £ Ehs
necessary contmue/r!esearch and development %ﬁ‘,}&é—

procesging system,

T addibrone Comt oo The-aie it ymmpretuet ioprapaiaddbies
S ereailedeupe nebonhondde-products mﬁ]&(}m:l (325X1

Fle, 25X1
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B. Program Progress

1.

Conventional Imagery Reproduction

Dry-process research and development achievements to date
continue to indicate significant pay-off. They include
the following\:/ |

(a) A pilot production of Film materials @&Ee* of good
qualityf/ was achreved, |

(v) 'Equi‘pment "yreadboards" to dry-process and print
these materials ha-ve been developed to a reasonable level
of success) ’

(c) Contact printing and photo enlarging papers are nNow
scheduled for a scale-up < pilot product:v.on}

(a) Us@ble photo enlarging papers will be available

to thc_ Center in June 1970/
(e) A dry-heat processor (positive-to-positive image)
for use by imagery analysts has been developed/

(f) High-speed ‘processorsd/for roll film and papers have
been fabricated and are inY6 to 12 month test and evalua-
tion program by the contractor) and

(g) A lLO—inchxwide enlarging paper and a sheet film
processor are‘being. assembled with a delivery date of

June 1970.
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C. Program Plans
1. Conventional Tmagery
(a)%\ltg_rnatlves ’ -
(1) Discontinue efforts toward a dryéprocess and
continue the wet-processing system.
// dicected
(2) Ccontinue dcve'lopment of a- dry process,’ltoward

maximum replacement of the present system.

(b );%\;pproaches Selected

The second alternative provides an imminent capa-
bility for significant improvement in the reproduc-
tion system of the Center not otherwise possible.

S @l _he i the ) r
Major milestones WiiiZ@dduring FY TO-T2 developmerd OF
dry-process films and 'pajper}/an%during Y '{O-Tl'r,W\./ the

develojf ry-process equipment.

2. Unconventional Tmagery

(a)Mlterna“bives j‘
'U'wow;k cortve ool se v |
(l) Advance the' Center capability to reproduce

unconventional imagery materials.
s
(2) Rely on industr%evelopments in these areas.

() /gfp'proaches Selected

Reasonable predictions of inputs and time frames
for these acquisition systems will not allow for
the selection of the second alternative, though

R&D costs would seem to be mlnl’rm] QQ/V\ acﬁou‘ah:«/D

PR b e i e N -

o ok o P i et
“}’/:('I; isyunl 1ke1y that industry will develop/ﬁechnlqueu e

Loy cojy(mQACANCL/Q_) o f/QWJ\E e et woandd
whobaanc-gornens-to~gont reguinonenb-Lor-this

(/.u-v‘—/(l\,lm 'u g&w(ﬂ (1/‘50‘4 Ne. r’/,u,uu_,c() g\,\l/
lv\ﬂﬁ«hguﬂ < ;:_/sgﬁcz;.,f.;xi"u?rJ .

-
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VII. Overhead Photography/Imagery Information Technology

Ai—N239g5§§L5@jgggéxg>//Develop a cost-effective, integrated,

X autoha;;d syétcm for storage, retrieval, manipulation, and
display of imagery, information derived from imagery,
collateral materials, and graphics used in the interpretation
and reporting cycles of the exploitation process.

Discussion: Due to advances in technology applicable at
various points on the broad spectrum comprising the total
imagery exploitation process, an optimum point, based on
cost-effectiveness considerations, has not yet been achieved
with respect to automation of the exploitation and reporting
prdcosseé. The purpose of this effort is to develop a vefsa—
tile system which will assist in the areas of information and
imagery storage, retrieval, manipulation, and display and
comunication of the intelligence products of the imagery

exploitation process.

1. Prototype Display Console Objective (FY 70-71)

Develop prototype, automated, off-line image, textual,
and graphic layout display consoles; operationally test

the consoles and evaluate their utility.
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~analysts

Discussion: Certalin aspects of imagery information
exchange between interpreters, intelligence analysts,
o~

collateral support officé;i—‘j/ editors, and graphics
\ha\l‘ﬁ

e’ not becn automated. Prototype auvtomated
consoles will be operatbionally tested in order to more
fully assess their potential for improving the efficiency

of this information exchange.

Chip System Objective (FY 71-72)

Investigate the basic technologies required to handle
and display imagery in various chip forms.

Discussion: Tmagery chips from conventional and un-
conventional acquisition sysbems mf;l be an important
analysis and communications medium; the best manner in
which to handle this medium in all its aspects must be

investigated.

Operational Display Console Object (FY 72-73)

Based on the knowledge gained from the evaluation of the

prototype display and layout consoles, develop the re~

guired operational models.

Discussion: If_ the off-line consoles prove operationally
valusble, an on-line sysbem with the capability to access
the central datea base will be required.

System Integration Objective (FY Th-76)

Incorporate the results obtained under this 'pi"ogram into

the Center's Integrated Information System.
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Discussion: Since textual information, imegery, and
graphics derived from the various acquisition systems
are interdependent elements of the exploitation process,
a system which can automaticalls;' correlate these elements
offers the possibility of significant i.ncreases in ex-

ploitation efficiéncy.
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Program Progress

The in-house Automatic Reporting Techniques and Equipment

. s
Study, TICOF studies, and the/ﬁ/dvanced /ﬁditing “grstems/}‘fral-
vation Feams have investigated various aspects of the imagery

information .technology program. A contractual effort, com-

prising dévelopmen't.of certain computer programs and techniques,

demonstrated the feasibility of a cathode ray tube graphics
and textual display system. Desibgn o'bjectivés have been
established Zor the development of a prototype display system
incorporaling this concept. Design o'bjectives have also been ‘
defined for a system to display multiple images from film
chips, microfilm, and colla_teral materiai’? A Chip Tmplementa-
tion Study was contracted for in FY-69; upon com:pletion)it
will present the Center with several alternstive plans for
chip system development. V
Program Plans
1. Alternatives
(a) Rely on industry to develop the reguired equipment
and techniques; fund the program at ,a. later data utilizing
industrial developments whenever possible.
(b) Fund the program at the level required to accomplish
the objective in-the time frame indicated.

2. Belected Approach

This second alternastive is selected because the unique

requirements of the Center in this area will not, in all

probability, be met by private industry at its own initiative,

at least not in the time frame indicated. Tt is essential
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